INTRODUCTION
The classical way of describing textures from pole-figures is the replacement of the textured polycrystal by one or a few single crystals with best orientation fit. G. Wassermann used this method very successfully in his numerous contributions to the research on textures. Especially his fundamental results on the effect of mechanical twinning on texture formation of metals and alloys with hcp 619 resp. fcc crystal structure were based on this method (Schmid and Wassermann 1928 , 1930 , Wassermann 1963 . Also for the calculation of mechanical anisotropy, especially elastic moduli and yield stresses this method was applied (Wassermann and Grewen 1962) . Zircaloy-2 resp. -4 (chemical composition see Table 1 ) which are used as fuel rod cladding material in water cooled nuclear reactors have a fine grained microstructure consisting of hcp matrix crystals and dispersoids of Cr and Fe bearing intermetallic compounds.
These tubes show due to their production route marked anisotropy under two-axial stresses. Plane-stress measurements resulted in yield loci having different shapes compared with the v. Mises ellipse (Mehan 1981 , Miller and Swota 1963 , Dressier et al. 1972 ). Texture was found to be the primary cause for anisotropic elasticity and yielding (Dressier et al. 1972 , Dressier et al. 1973 , Dressier et al. 1974 , Dressier and Matucha 1977 ).
Calculation of the elastic behaviour under plane-stress conditions using as input the single crystal replacement for the texture and the elastic coefficients of Zirconium lead to results in good agreement with the measured values (Dressier et al. 1973 ).
However, an attempt to calculate the yield loci of Zircaloy tubes from their texture in a similar way as it had proved successfully for fcc metals and alloys, ran into difficulties because mechanical twinning has to be considered in addition to slip as further crystallographic deformation mechanism active already at the onset of plastic flow. These problems could largely be overcome if, considering the unipolar deformation, the twin systems were formally treated as slip systems, and certain conditions appropriate to the experimental yield loci were assumed for the critical resolved shear sthresses (CRSS) of prismatic slip and twinning (Dressier et al. 1972 (Dressier et al. , 1973 If, for calculation purposes, the textures were replaced by two single crystal orientations symmetrical to the radial direction, the result was a qualitatively good fit between calculated and experimental yield loci. This fit was poorer whenever the replacement of the texture by two single crystal orientations resulted only in a rough approximation of the measured texture (Dressier et al. 1972 , Dressler et al. 1973 , Dressier and Matucha 1977 ).
This was true particularly for changes in the texture of coldworked tubes caused by isochronous annealing (Matucha 1978) . Then the deformation texture ( Figure 1 ) developed into the recrystallization texture ( Figure 2 Matucha, 1978) .
A semiempirical yield lines model for the yield locus of Zircaloy-4 tubes was proposed by Ciurchea (1985) using the C2 coefficient found from the {10il}-pole figure. To fit the experimental yield loci of Dressier et al. (1972 Dressier et al. ( , 1973 re Calculated yield loci for single cstals with [110] parallel to the tube is.
Normalized as in Figure 4 . Ratio of CRSS for {l]}-slip and {ll2}-twinning 1" 1.4.
[1010] parallel to the axial direction the onset of plastic flow under stress ratios 0< a < 1(or o/o) is independent of additional axial stresses. However, the onset of plastic flow for single crystals with [11.0] parallel to the tube axis depends on the additional axial stress ( Figure 5 ). These qualitative differences were confirmed by comparing experimental yield loci for tubes with deformation textures and recrystallization textures (Matucha 1978 An improvement of the calculation procedure to cover the entire yield locus, i.e. including also the segments dominated by twinning, is principally possible in the same way. This means that yield loci are calculated for single crystals defined by the tilt angles 'i and by / on the basis of the respective intensity profiles and these yield loci are then considered in the averaging process according to their respective/,..
COMPARISON OF CALCULATED VALUES WITH EXPERIMENTAL RESULTS
The calculation procedure is first used and the results are compared with experimental findings for the slope of the yield loci at the intersection with the positive oa-axis. This slope is independent of twinning (see above). For calculation purposes, the ),-area of the intensity profiles (see Figure 3) For Zircaloy-2 cladding tubes (Figures 8 and 9 ), the measured and calculated data agree only for those points or areas which are determined by prismatic slip. In the case of points or areas defined by twinning, the calculated stresses are smaller for the onset of plastic flow if the CRSS-ratios for Zircaloy-4 are used. Figure 2 . For a subsequent investigation, textures were determined from the tube samples, which had been exposed to plastic deformation in order to determine the yield loci.
Quantitative (0001)-and {1010}-pole figures were established as described by Matucha (1978 the {1010} poles (Figure 11 ) in the direction of the stress are also found to increase. However, the distribution of basal poles has changed fundamentally ( Figure 11 ). Weak intensity maxima are measured in the plane described by the radial and axial directions. These maxima occur at an angle of approx. 65 from the radial direction. The change in the texture measured after a tensile stress had been applied axially can be explained by prismatic slip. On the other hand, the change in the distribution of basal poles after deformation with t 0 (Figure 11) A calculation of those areas of the yield locus which depend on twinning leads to good agreement with the values measured for Zircaloy-4 tubes, if the CRSS-ratios derived from previous investigations on Zircaloy-4 tubes are used. If the same ratios are used also for Zircaloy-2, the agreement with the measured values is not as good. The measured yield locus lies outside the calculated one. This might be explained by a higher CRSS for twinning than in the case of From the calculated yield loci it can be concluded that different twinning systems depending on the orientation and stress condition are activated (Dressier et al. 1973) . Indirect confirmation of this conclusion could so far be obtained only from the asymmetry of the complete yield locus derived by experiments (Dressier et al. 1974) and from the qualitative agreement between calculated and measured yield loci (Dressier et al. 1972 , 1973 . Dressier and Matucha 1977 , Matucha 1978 . Although in this investigation the changes in texture were measured not for the onset of plastic flow but for relatively large elongations, the twinning system to be expected from the calculation may be regarded as confirmed.
Results
The fact that the agreement between experimental and calculated results based on a rather simple texture replacement model is generally good allows the following conclusions as regards application:
The slope of the yield locus at the intersection with the positive tra-axis can be quantitatively calculated from the texture irrespective of twinning phenomena. As there is a direct relationship between this slope and the R-value (ratio of logarithmic diameter and logarithmic change in wall thickness), this value too can be calculated immediately from the texture. Two measurements are required to predict the onset of plastic flow under biaxial stresses:
(1) The (0001)-and {10i0}-pole figures make it possible to calculate the yield locus normalized to the unknown critical shear stress for prismatic slip.
(2) Measuring the axial yield stress, one obtains the intersection with the positive a-axis to which the calculated yield locus can be fitted quantitatively.
